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Abstract

Occupational exposure top,p’-dichlorodiphenyl-
trichloroethane (DDT) has been associated with increased
pancreatic cancer risk. We measured organochlorine
levels in serum obtained at the study enroliment from 108
pancreatic cancer cases and 82 control subjects aged 32—
85 years in the San Francisco Bay Area between 1996
and 1998. Cases were identified using rapid case-
ascertainment methods; controls were frequency-matched
to cases on age and sex via random digit dial and random
sampling of Health Care Financing Administration lists.
Serum organochlorine levels were adjusted for lipid
content to account for variation in the lipid concentration
in serum between subjects. Median concentrations gf,p'-
dichlorodiphenyldichloroethylene (DDE, 1290versus1030
ng/g lipid; P = 0.05), polychlorinated biphenyls (PCBs;
330versus220 ng/g lipid; P < 0.001), andtrans-

nonachlor (54 versus28 ng/g lipid; P = 0.03) were
significantly greater among cases than controls. A
significant dose-response relationship was observed for
total PCBs (P for trend < 0.001). Subjects in the highest
tertile of PCBs (=360 ng/g lipid) had an odds ratio (OR)
of 4.2 [95% confidence interval (Cl) = 1.8—9.4] compared
to the lowest tertile. The OR of 2.1 for the highest level of
p,p’-DDE (95% CI = 0.9-4.7) diminished (OR= 1.1,
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95% Cl = 0.4-2.8) when PCBs were included in the
model. Because pancreatic cancer is characterized by
cachexia, the impact of this on the serum organochlorine
levels in cases is difficult to predict. One plausible effect
of cachexia is bioconcentration of organochlorines in the
diminished lipid pool, which would lead to a bias away
from the null. To explore this, a sensitivity analysis was
performed assuming a 10—40% bioconcentration of
organochlorines in case samples. The OR associated with
PCBs remained elevated under conditions of up to 25%
bioconcentration.

Introduction

Pancreatic cancer is the fifth leading cause of cancer death in
the United States and has few identified risk factors (1). Cig-
arette smoking is the most consistently identified risk factor,
and it is associated with an estimated 2-fold increased risk of
pancreatic cancer (2). Dietary factors, including high intake of
animal protein and fat, coffee and alcohol consumption, and
low fruit and vegetable intake have been reported as risk
factors, although results have been inconsistent (2).

Occupational and environmental exposures may contrib-
ute to risk of pancreatic cancer, although no consistent pattern
of occupational exposures has been identified. The most com-
pelling evidence for a specific occupational exposure as a risk
factor for pancreatic cancer comes from a study of workers in
a DDT* manufacturing plant (3). In this nested case-control
study, a 7-fold increased risk for pancreatic cancer was ob-
served among workers whose average length of exposure to
DDT was 47 months. An elevated risk for pancreatic cancer
also was observed for occupational exposure to DDD and
ethylan, DDT derivatives. In a population-based case-control
study of pancreatic cancer in southeastern Michigan, pancreatic
cancer patients were 10 times more likely to report having used
ethylan than controls; however, there were no measured values
of reported exposures (4). Additionally, pesticide exposure has
been suggested as the most likely explanation for an increased
risk of pancreatic cancer among farmers (5, 6), female Vietnam
veterans (7), and flour millers (8).

Exposure to organochlorine chemicals occurs in the envi-
ronment and in occupational settings due to the presence of
these long-lived compounds and their metabolites in food and
other environmental media (9, 10). Although DDT and PCBs,
another class of organochlorine chemicals structurally similar
to DDT, were removed from the United States market in the
1970s, exposure continues as a result of their environmental
persistence. Organochlorine compounds, such as DDT’s pri-
mary metabolite DDE, are lipophilic, resistant to metabolism,

4The abbreviations used are: DD, -dichlorodiphenyltrichloroethane; DDD,
dichlorodiphenyldichloroethane; PCB, polychlorinated biphenyl; D& -
dichlorodiphenyldichloroethylene; RDD, random digit dial; HCFA, Health
Care Financing Administration; HCB, hexachlorobenzene; OR, odds ratio; Cl,
confidence interval; TCDD, 2,3,7,8-tetrachlorodibenzodioxin.
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and have long-term storage in adipose tissue. Serum lipid levels history, and demographics. An ancillary questionnaire regard-
of these contaminants are in equilibrium with adipose tissue ing symptoms before diagnosis was administered between No-
levels, resulting in an easily accessible measure of body storesvember 1996 and November 1997 to pancreatic cancer cases,
presumed to be representative of cumulative exposures over74 of whom are among the 108 cases included here. Upon
many years (9-13). Because the amount serum lipids variescompletion of the interview, subjects were asked to provide
between individuals, organochlorine values are adjusted for blood samples for chemical and other analyses. A nonfasting
serum lipid content to estimate the chemical concentration in blood sample was drawn by a trained phlebotomist from sub-
the lipid fraction of the body. We obtained serum measure- jects who agreed to have their blood drawn. For this analysis,
ments of organochlorine chemicals from pancreatic cancer caseblood was collected in a 10-ml red-top vacutainer tube. Serum
and control participants in an ongoing population-based case- samples were spun, aliquoted, and then frozen&a°C before
control study in the San Francisco Bay Area to explore the analysis. Field blanks of bovine serum were processed in the
relationship of environmental exposure to these chemicals with serum processing laboratory to identify contamination intro-

pancreatic cancer. duced during sample processing.
Chemical Analysis. Study samples were arranged in batches
Materials and Methods of 10 consisting of sets of cases and controls and field quality

assurance samples (field blanks of bovine serum and pooled
samples). Additionally, laboratory quality assurance and qual-
ity control samples, including spiked bovine serum as matrix

Population. This study was conducted as part of an ongoing
population-based case-control study of pancreatic cancer in the

San Francisco Bay Area. Cases were obtained using rapid case”
ascertainment to identify all patients diagnosed as having can- SPikes and reagent blanks, were added to each batch of 10

cer of the exocrine pancreas in the San Francisco Bay Area SUPmitted samples. Nine samples of pooled human serum were
counties of San Francisco, Alameda, Marin, Contra Costa, San |ntersperse_d_|n the actu_al _study samples to assess the between-
Mateo, and Santa Clara. Eligible subjects, both cases and Con_batch coefficients of variation. All study samples were analyzed
trols, were aged 21—85 years, residents of one of the above sixWithout knowledge of case or control status at the National
counties at the time of diagnosis, had no physician-indicated Center for Environmental Health, Centers for Disease Control
contraindication to contact, and were able to speak either Eng- @nd Prevention. For interlaboratory validation, an additional
lish or Spanish at the time of contact. Controls were frequency- three pooled serum samples were independently analyzed by an
matched to cases by sex and age within 5 years to the extentoutside laboratory at Harvard University (Boston, MA) using
possible in this substudy. Controls were selected via two mech- liquid/liquid extraction and gas chromatography with electron
anisms: 4) RDD and ) from random samples of the HCFA ~ capture detection. _ _
lists for subjects aged=65. No proxy interviews were con- The analysis method has been fully described previously
ducted. For this serum study, case subjects were recruited(14) and is summarized here. Each sample was extracted using
between October 2, 1996, and May 1, 1998, and control sub- Solid phase extraction and then analyzed on two separate gas
jects were recruited between May 14, 1997, and May 1, 1998. chromatographs with electron capture. The two chromato-
Analyses were restricted to subjects who provided a blood graphs used different columns (DB5 and DB1701) to reduce
sample for organochlorine analysis. interferences and improve selectivity. Results in ng/ml serum
A total of 113 pancreatic cancer cases and 82 frequency- Were obtained for DDE, DDT, 11 PCB congeners, HGBns
matched controls provided blood for organochlorine analysis. nonachlor, and five other organochlorine compounds. All re-
During the period of rapid case-recruitment, information was Sults from the quality control materials were compared to limits
received on 611 potential study cases; 335 (55%) of these wereestablished in the National Center for Environmental Health
deceased and thus, ineligible, and 32 (5%) did not meet other laboratory using Clinical Laboratory Improvement Act criteria.
study criteria. Of the 244 pancreatic cancer patients known to Values were not reported, and samples were reanalyzed when
be eligible for the study interview, 19% were too ill to be the quality control results were outside the control limits. Val-
interviewed, 9% refused to participate, 3% could not be located, ues below the method detection limit were reported when
and 4% had medical contraindications to contact as reported by quantifiable to provide the best estimate of the organochlorine
their physicians. The response rate for blood draw for organo- level; levels that were nondetectable were assigned a value of
chlorine analyses among the 158 cases who were interviewedzero. The interset coefficients of variation based on the pooled
was 71%. There were 36 (23%) patients who were unable to serum samples were 6.1% and 10.5% for DDE and total PCBs,
provide a blood sample and 9 (6%) who refused. Serum sam- respectively. Recovery of target analytes differed by the ex-
ples from five of these cases could not be extracted for chemical traction method; for the pooled serum samples, the organochlo-
analysis. rine values reported using solid phase extraction were 57 and
Control subjects were identified from the same counties as 65% of the values for total PCBs and DDE, respectively,
the pancreatic cancer patients using RDD and HCFA files. reported using liquid/liquid extraction. As a result, all organo-
During the time period of control recruitment for this substudy, chlorine values were corrected for recovery using the values
253 control subjects, 84 of whom were obtained from HCFA reported in Brocket al. (14).
files, were eligible and completed interviews for inclusion in Serum specimens were analyzed for cholesterol and tri-
the main study. A total of 82 of these controls were matched to glycerides using enzymatic methods. Total lipids were calcu-
the substudy participants. Among these participants 78% of the lated from total triglycerides and total cholesterol using the
RDD controls and 65% percent of HCFA controls agreed to formula in Phillipset al. (15). To account for differences in
have their blood drawn. Thus, 108 cases and 82 controls werelipophilic chemical levels between fasting and nonfasting sam-
available for statistical analysis. ples, lipid-corrected organochlorine levels were created by di-
Interview and Blood Collection. Detailed in-person inter-  viding the recovery-adjusted estimates by the lipid content of
views were conducted in the subject's home or at a location the serum sample (15).
convenient to the subject. Topics included questions on occu- Total PCBs were estimated using the sum of all congener
pational and chemical exposures, tobacco use, diet, medicalvalues measured (International Union for Pure Applied Chem-
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istry numbers 28, 52, 74, 105, 118, 138, 153, 170, 180, 194, Table 1 Demographic and medical characteristics of pancreatic cancer cases
and controls, San Francisco Bay Area, CA 1996-1998

203). These congeners represent0% of the total PCBs by

weight in human serum (16, 17).

T : A Lo Cases Controls )
Statistical Analysis. Statistical analyses were limited to those (n=108) (n=g2) WicoxonP
chemicals that were detected above the method detection limit
in >50% of all samples: DDE, total PCBs, HCB, atrdns Ag&gg 655 657
nonachlor. After descriptive analysis, each organochlorine sD 115 116
compound was evaluated individually in separate logistic re- Median 675 68.5
gression models. Organochlorine exposure was examined in  Range 32-84 40-85
two ways: @) as categorical variables using tertiles of the  Usual adult weight (pounds)
sample distribution for all contaminants (with the exception of Mean 161 163
trans-nonachlor, which had categories of 0, 0 to mediame- Sb 33 30
dian) and k) as continuous variables. Unconditional logistic Median 155 160
regression models were adjusted for race and the matching Cthj‘ensgtgr & (mgdL) 95-300  110-250
factors of age and sex. Models were examined for potential Mean 9 165 214
confounc!lng by smoking, history of diabetes, ulqer surgery, and sD 40 a8
pancreatitis, as well as pregnancy and lactation, factors that  \jedian 159 215 <0.001
may alter organochlorine levels in women (17). Interactions Range 63-302 139-323
between age category and pesticide level were explored. Final Triglyceride$ (mg/dL)
models included only ra¢ehe matching factors, and the or- Mean 154 221
ganochlorine measures. All analyses were conducted using  SP 68 148
SAS (SAS Institute Inc., Cary, NC). Median 141 184 <0.001

Pancreatic cancer cachexia may affect the pharmacokinet- Rel":.g‘? & (madlL 53-569 61-832
ics of organochlorine lipid levels. A bias away from the null Oﬁef;r‘?' (mg/aL) 530 207
would occur if cachexia leads to the bioconcentration of or- sD 126 190
ganochlorines in lipids. As a result, the potential effect of the Median 503 676 <0.001
bioconcentration of organochlorine compounds during fat mo- Range 254-1019  377-1516
bilization was explored by adjusting the concentration of the
cases to assume three hypothesized levels of bioconcentration no % no %
related to pancreatic cancer cachexia: 10%, 25%, and 40%
concentration in serum lipids. Values were selected based on Race
the differences in median lipid levels between cases and con- ~ White 88 8% 77 94%
trols (26% lower in cases) and the crude estimate of the percent iﬁ;ﬁ ; g;; ; E;‘;
adipose tissue lost in pancreatic cancer patients at the time of . - 4 a% 1 1%
presentation (20%). The crude estimate of adipose tissue 10Ss gy
was based on the literature-reported weight loss by patients Female 47 44% 38 46%
presenting with pancreatic cancer (18), anecdotal reports by  Mmale 61 56% 44 54%

physicians treating our study population (up to 10%), and the

wasting process (20, 21), we estimated that up to 20% of
adipose tissue may have been lost by the time of presentation
with pancreatic cancer. The levels of organochlorine com-

X . X . . . 2 Nonfasting blood specimens were used.
percent of adipose tissue in older adults in California (40-50%; b Tota) lipids were calculated per Phillipet al

Ref. 19). Assuming that adipose tissue was lost first during the cholesterol]+ triglycerides+ 0.623.

. (16): total lipids = [2.27 total

pounds in cases, but not controls, were adjusted to account forand 96% for PCBs to 59% fdrans-nonachlor and HCB. DDT

possible bioconcentration with the levels reduced by 10%, was detected inr<35% of all samples with both the mean and

25%, and 40% and then compared with controls in logistic Median values below the detection limit of 0.5 ng/ml serum.
regression models. Table 2 presents chemical concentration in serum (ng/ml se-

rum, i.e., lipid-unadjusted values) and in lipid (ng/g lipide.,

lipid-adjusted values). The lipid-adjusted values were used for
Results all case-control comparisons. Cases had higher concentrations
Demographic characteristics did not differ between cases andof all organochlorine compounds than controls, with median
controls (Table 1). Subjects ranged in age from 32 to 85 years levels of DDE, PCBs, anttans-nonachlor significantly higher
with an average age of 66 years. Medical history and distribu- among cases (Table 2).
tions of weight-related factors were nearly identical for cases A significant dose-response trend was observed with in-
and controls before disease. Among cases who completed thecreasing PCB concentration as measured by terfles (.001)
ancillary questionnaire, 55% reported unintended weight loss and as a continuous variable € 0.001; Table 3). Subjects in
before diagnosis. Total cholesterol and triglycerides levels were the highest tertile of PCBsX360 ng/g lipid) had an OR of 4.2
markedly lower among cases than contréls<{0.001); median (95% CI = 1.9-9.4) compared to those in the lowest tertile
cholesterol levels were 26% lower among cases, and median(<185 ng/g lipid). When modeled as a continuous variable, the
triglyceride levels were 23% lower among cases than controls. OR for pancreatic cancer was 1.003 (95%-€[1.001-1.004)
Lipid levels did not differ among cases based on the time for each ng/g serum increase in total PCB level. In congener-
between diagnosis and blood draw. specific analyses, significantly elevated ORs were observed for

Four organochlorine compounds, DDE, total PCBs, HCB, the highest tertiles of PCB-153 (OR 3.0; 95% Cl= 1.4-6.6)

and trans-nonachlor were detected ir50% of the samples. and PCB-180 (OR= 8.4; 95% Cl= 3.4-21). ORs for the
Quantitation of organochlorines ranged from 100% for DDE highest tertiles of the other chemicals were elevated compared



202 Pancreatic Cancer and Organochlorines

Table 2 Serum organochlorine concentrations for chemicals detecteebd% of all samples among pancreatic cancer cases and controls, San Francisco Bay Area,
CA 1996-1998

CasesiIf = 108)

Controls if = 82)

Chemical Wilcoxon P
Mean  Median SD Range Mean  Median SD Range
Results unadjusted for lipid content of sefting/ml serum)
DDE 11.9 7.7 129 1.00-79.7 121 7.8 148 0.5-90.4
HCB 0.17 0.13 0.20 NB-1.1 0.18 0.13 0.23 ND-0.94
Total PCBs 25 1.9 2.2 ND-12.5 1.9 1.9 1.3 ND-7.2
t-Nonachlor 0.37 0.34 0.43 ND-25 0.32 0.18 0.38 ND-1.5
Lipid-adjusted resulfs(ng/g lipid)
DDE 2054 1287 2038 187-16679 1572 1029 1797 97-11148 0.05
HCB 28 22 31 ND-174 22 17 26 ND-111 0.22
Total PCBs 433 329 412 ND-2642 246 220 166 ND-892 <0.001
t-Nonachlor 63 54 78 ND-478 39 28 45 ND-187 0.03

2 All values have been adjusted for recovery using the values in Beoek (14).
P ND, not detected. Detection limits in ng/ml serum are 0.4 (DDE), 0.05 (HCB),

0.2 (each PCB congener), anab@cklor).

¢ All comparisons were based on lipid-adjusted results due to the collection of nonfasting samples.

Table 3 ORs and 95% Cls for serum organochlorine levels (ng/g lipid) and
pancreatic cancer, San Francisco Bay Area, CA, 1996-1998

Table 4 Spearman correlations between organochlorine chemicals for 190
pancreatic cancer case and control subjects, San Francisco Bay Area, CA,

1996-1998

Chemical (ngfg lipid)  ©255> ©OM'OIS oRe 9596 C1 P for trend o . Nomachior

DDE DDE 0.29 0.58 0.42
<850 30 32 1 0.08 HCB 0.45 0.42
850-1880 37 28 15 0.7-3.3 Total PCBs 0.60
i;::iar?uoug 4 22 1?6%)01 0.9(;?__;'502 0.20 2 All correlation coefficients are significantly different from 0 Rt< 0.01.

HCB
0 41 34 1 0.22
0.1-32 25 2409 0.4-1.9 Cl = 2.0-13.5), whereas the OR ftans-nonachlor was not
=32 42 24 18 0.8-3.4 significantly different from unity.

TO?;”;'SLE‘;”g 101 0.998-1.022  0.10 The elevated OR associated with the highest tertile of
185 27 — ~0.001 PCBs pers]sted under_ (_:o_ndltlons c_>f both 10% and 25% biocon-
185-360 34 31 13 06-2.8 centration in the sensitivity analysis, although the OR for 25%
=360 47 16 42 1.9-94 bioconcentration did not achieve statistical significance (Table
Continuou& 1.003 1.001-1.004 <0.001 5). Under conditions of 40% bioconcentration, there was no

t-Nonachlor increased OR associated with the highest tertile of PCBs.

0 40 37 1 0.22

0.1-75 28 25 09 0.5-1.9 . .

=75 40 20 17 0.8-3.5 Discussion

Continuou$ 1.006 1.001-1.012 0.03 Pancreatic cancer cases were found to have elevated serum

2 All models adjusted for age interval (four categories), race and sex.
P OR for each ng/g increase in organochlorine concentration.

to the lowest tertile, although none achieved statistical signif-
icance. The OR fotrans-nonachlor was significantly elevated
only whentrans-nonachlor was modeled as a continuous vari-
able (OR= 1.006 per ng/g lipid; 95% CE 1.001-1.012).

levels of PCBs when compared to control subjects. Evaluation
of exposure to organochlorines using serum lipid levels enabled
us to quantify long-term exposure to these substances without
recall bias. Due to cachexia among pancreatic cancer patients,
the possible effect of wasting on organochlorine levels, and
PCBs in particular, is difficult to predict and complicates the
interpretation of our findings.

On the basis of a Medline search of the English language
literature, we found no other published study that evaluated

Results were not confounded by cigarette smoking and reported pancreatic cancer and organochlorine exposure in the general

medical conditions.

population using serum measures rather than questionnaire

The organochlorine variables were highly correlated (Ta- data. Our primarya priori hypothesis was that DDE would be
ble 4), and the correlations did not differ between cases and elevated in cases relative to controls given the strong evidence
controls. However, the variables were not so strongly correlated from studies of DDT manufacturing workers (3). Secondary
as to add instability to mutually adjusted regression models and hypotheses were that other organochlorine chemicals, including
thus, logistic models containing both DDE and PCBs, and PCBs, would be elevated given the suggestive but inconsistent
transnonachlor and PCBs were constructed. When DDE and findings of these compounds from earlier work (22-25). In the
PCBs were considered simultaneously, the increased OR assopresent study, PCBs emerged as most strongly associated with
ciated with the highest tertile of PCBs remained (&R4.0; pancreatic cancer status. However, epidemiological evidence
95% CIl= 1.6-9.8), whereas the OR for highest tertile of DDE for PCBs and pancreatic cancer is limited. Increased pancreatic
was diminished to 1.1 (95% G 0.4-2.8). When thérans cancer mortality has been observed among Canadian trans-
nonachlor level was included in the model with PCBs, the OR former workers (24), but this finding has not been demonstrated
for the highest level of PCBs increase®0% (OR= 5.2; 95% consistently among occupational cohorts with presumed higher
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Table 5 Sensitivity analysis to examine potential influence of cachexia on OR estimates; ORs and 95% Cls for total PCB concentration in serum for pancreatic
cancer cases and controls, San Francisco Bay Area, CA, 199621998

Total PCBs No bioconcentration in cases 10% bioconcentration in cases 25% bioconcentration in cases 40% bioconcentration in cases
(ng/g lipid)  oRd 95% Cl  Ptrend OR 95% Cl Ptrend OR 95% ClI Ptrend OR 95% ClI P trend
<0.00r 0.007 0.16° 0.61°
<185 1.0 1.0 1.0 1.0
185-360 1.3 0.6-2.8 1.2 0.6-2.4 0.7 0.4-1.5 0.7 0.4-1.4
=360 4.2 1.9-94 3.1 1.4-7.0 1.9 0.9-4.2 0.9 0.4-2.0

Continuou§ 1.003  1.001-1.004 <0.001 1.002 1.001-1.004 0.004 1.001 1.000-1.003 0.07 1.000  0.999-1.002 0.88

2Based on models assuming 0, 10, 25, and 40% bioconcentration in cases.
b All models adjusted for age interval (four categories), sex, and race.

¢ P value for categorical trend test.

9 OR for each ng/g increase in PCB concentration.

PCB exposures and with sufficient follow-up time and power to accurately serum levels of organochlorine compounds among
detect an increase in pancreatic cancer (22, 23, 25). cases reflect exposure before disease. Cachexia differs from
The association of DDE serum levels with pancreatic starvation and entails increased resting energy expenditure,
cancer was weak in this study. Lipid-adjusted DDE levels were catabolism of both fat and lean body mass, and decreased
significantly higher among cases than controls, and the highest protein synthesis (29). Animal data generally are limited to the
tertile of DDE was associated with an OR of 2.1 that decreased starvation studies of rodents exposed to high initial doses of
to 1.1 after controlling for PCB level. Among DDT manufac- pesticides or PCBs, whereas human data address the metabolic
turing workers, a 7-fold increased risk of pancreatic cancer has changes associated with cachexia and weight loss regimens.
been shown using work history records to estimate DDT ex- This complementary, although incomplete, information is con-
posure (3). Our results are not directly comparable due to sistent with three plausible scenarios for the effect of cachexia
differences in concentrations, exposure routes, and parent com-on the concentration of organochlorines in serum lipidg: (
pound. The subjects in our study are more likely to have been concentrations in fat do not change during fat mobilization due
exposed to DDT’s metabolite DDE primarily via food than to to concomitant increased metabolism and/or excretion of fat-
the parent compound DDT as experienced by the workers in the soluble compounds proportional to the mobilization of faj, (
earlier report (3). Higher levels of DDT exposure are expected bioconcentration of fat-soluble compounds occurs due to the
for occupationally exposed subjects compared with those who removal of fat but not the contaminant, arg) nobilization of
are environmentally exposed, and their exposure is more likely organochlorine compounds from fat is differential.
to occur via inhalation and dermal contact rather than ingestion. Our case-control analysis was conducted under scenario a,
Serum measurements of organochlorine pesticides provide assuming no bias between cases and controls based on the
a sensitive estimate of total body burden in healthy subjects. In underlying disease process. Animal studies and human cadaver
the blood stream, organochlorine compounds are adsorbed ondata have shown a decrease in serum levels of organochlorines
the hydrophobic sites of plasma proteins (26, 27). As a conse- during weight reduction, but these data were not adjusted for
guence, the concentration of organochlorines in the serum is the subsequent reduction in lipid content (11, 30). Autopsy
related to lipid content and therefore, serum organochlorine samples showed no difference in adipose tissue levels of or-
levels increase after the consumption of meals containing fat ganochlorines based on recent weight loss, although cancer
(15, 27, 28). To account for the collection of nonfasting sam- patients had greater organochlorine levels in adipose tissue than
ples, all analyses of these data were conducted using the lipid-did subjects who had died of other causes (31). If adipose tissue

adjusted organochlorine levels. loss results in lower serum levels of PCBs and other organo-
The impact of weight lossespecially adipose tissue loss, chlorine chemicals, then our analysis is conservative.
by cases on this analysis requires thorough consideration be- The bioconcentration of fat-stored contaminants is likely

cause 55% of the cases interviewed with the ancillary ques- (scenario b). Animal data are suggestive of bioconcentration of
tionnaire reported some weight loss before diagnosis. Many lipophilic chemicals, including DDT, during starvation-induced
cases are likely to have experienced some weight loss by theweight loss (32—-34). The human data are limited to one case
time of blood collection because the median time between report in the literature from a follow-up of workers exposed to
diagnosis and blood draw was 2.9 months. The extent of weight TCDD during a reactor accident. Zober and Papke (35) meas-
loss cannot be directly evaluated in our data because weight atured blood levels of TCDD in a worker with pancreatic cancer.
diagnosis and weight at blood draw were unavailable. Whereas This patient had extremely elevated blood levels of TCDD 8
serum lipid levels in cases are lower than controls, the lipid months before death. At death and after profound cachexia,
levels among cases do not differ based on time since diagnosis,blood levels of dioxins ranged from 2 to 25 times higher than
potentially suggesting that lipid levels drop with pancreatic 8 months earlier. To explore whether bioconcentration may
cancer diagnosis and then stabilize or that our sample representdiave affected our results, we conducted a sensitivity analysis
the healthier cases who are not undergoing dramatic wasting. using bioconcentration levels consistent with the lower serum
However, there are no longitudinal data to evaluate these pos-lipid levels of the cases and the estimated range of adipose
sibilities. tissue loss. Although the OR estimates were attenuated, results
Cases had significantly lower serum lipid concentrations of these adjusted analyses did not alter the pattern of increased
than controls, such that lipid adjustment increased cases’ or- pancreatic cancer risk in association with increased PCB expo-
ganochlorine concentrations relative to controls. Because the sure at levels up to 25% bioconcentration.
behavior of fat-stored compounds in cancer patients with ca- Animal and human evidence suggests the possibility that
chexia has not been studied directly, it is difficult to know how individual organochlorine chemicals have differential mobili-
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zation from adipose tissue during physiological changes such as5. Williams, R. R., Stegens, N. L., and Goldsmith, J. R. Associations of cancer

starvation and pregnancy (scenario c), although no data aresite and type with occupation and industry from the Third National Cancer Survey
. X " - . . Interview. J. Natl. C | 9: 1147-1185, 1977.

available under cachectic conditions. Animal studies have il- o " atl. Gancer Insi3 '

. . o . . 6. Burmeister, L. F. Cancer mortality in lowa farmers, 1971-78. J. Natl. Cancer
lustrated differential mobilization of organochlorines from fat |« ¢q. 461464, 1981,

reservows dunng starvation (36’ 37) and prégnancy (38)' In 7. Dalager, N. A., Kang, H. K., and Thomas, T. L. Cancer mortality patterns
environmentally exposed women, serum levels of DDE and among women who served in the military: the Vietnam experience. J. Occup.
PCBs were differentially associated with pregnancy and lacta- Environ. Med.,37: 298305, 1995.
tion history (17), suggesting that mobilization from fat of in- 8. Alavanja, M. C., Blair, A., and Masters, M. N. Cancer mortality in the US flour
dividual chemicals may differ during these events. industry. J. Natl. Cancer InsB2: 840848, 1990.

Aside from the primary limitation of the timing of serum 9 Woodruff, T., Wolff, M. S., Davis, D. L., and Hayward, D. Organochlorine
_sample collection, t_hiS stu.dy has a number of strengths, incl_ud- (leggzlsure estimation in the study of cancer etiology. Environ. B8s132-144,
ng the use of a direct b|0!09lcal measur,e of ,OrganOChlqr',ne 10. Longnecker, M. P., Rogan, W. J., and Lucier, G. The human health effects of
body burden. Organochlorine concentrations in serum lipids ppT (dichlorodiphenyltrichloroethane) and PCBS (polychlorinated biphenyls)
integrate overall exposure sources, reflect overall body burden, and an overview of organochlorines in public health. Annu. Rev. Public Health,
and are not subject to recall bias. Because the concentrations!8: 211-244, 1997.
observed here, even among the cases, are consistent with thosé!- Radomski, J. L., Deichmann, W. B., Rey, A. A., and Merkin, T. Human
measured in other studies of environmentally exposed adults in pesticide blood levels as a measure of body burden and pesticide exposure.

. . i . Toxicol. Appl. Pharmacol.20: 175-185, 1971.
the United States (17’ 39, 40)’ itis unllkely that our SUbJeCtS had 12. Needham, L., Burse, V., Head, S., Korver, M., McClure, P., Andrews, J.,

unusual organochlorine exposures. ) Rowley, D., Sung, J., and Kahn, S. Adipose tissue/serum partitioning of chlori-
Pancreatic cancer has been hypothesized to result from nated hydrocarbon pesticides in humans. ChemospBer&75-980, 1990.
high lifetime exposures to insulin (41), and PCBs have been 13. Luotamo, M., Jarvisalo, J., and Aitio, A. Assessment of exposure to poly-
g p )
shown to stimulate insulin release in hormone producing cells chlorinated biphenyls: analysis of selected isomers in blood and adipose tissue.
. . . P P Environ. Res.54: 121-134, 1991.
(42). If PCBs stimulate insulin releagevivoas well asn vitro,

. . . . 14. Brock, J. W., Burse, V. W., Ashley, D. L., Najam, A. R., Green, V. E.,
then this may provide a plausible mechanism for PCBs as Korver, M. P., Powell, M. K., Hodge, C. C., and Needham, L. L. An improved

pancreatic carcinogens. analysis for chlorinated pesticides and polychlorinated biphenyls (PCBs) in
Our analytical strategy considered both the possibility human and bovine sera using solid-phase extraction. J. Anal. Tox2l.,

of no change in organochlorine levels with pancreatic cancer 528-536, 1996.

and the possibility of bioconcentration in fat due to adipose 15 Phillips, D.L., Pirkle, J. L., Burse, V. W., Bernert, J. T., Jr., Henderson, L. O.,

tissue loss. Bioconcentration in cases would need to be and Needham, L. L. Chlorinated hydrocarbon levels in human serum: effects of

o L. X R fasting and feeding. Arch. Environ. Contam. Toxicdl8: 495-500, 1989.
>25% for the observed association to be emlrely an artifact. 16. DeVoto, E., Fiore, B. J., Millikan, R., Anderson, H. A., Sheldon, L., Sonzo-

Bioconcentration is plausible given thag)(ittle is known gni, W. C., and Longnecker, M. P. Correlations among human blood levels of
about the pharmacokinetics of organochlorines in cachectic specific PCB congeners and implications for epidemiologic studies. Am. J. Ind.
cancer patients,bj percent adipose tissue lost in patients Med., 32: 606-613, 1997.

presenting with pancreatic cancer is estimated to be 20% (18, 17. Laden, F., Neas, L., Spiegelman, D., Hankinson, S., Willett, W., Ireland, K.,
21, 43) and @ total |ipid levels in the present study were Wolff, M., and Hunter, D. Predictors of plasma concentrations of DDE and PCBs

26% | . h Is. H if bi in a group of US women. Environ. Health Perspet@7: 75-81, 1999.
o lower In cases than controls. However, It bioconcen- 18. Faintuch, J., and Levin, B. Clinical presentation and diagnosis of exocrine

tr_ation iS_ the ba_.S_iS C_)f the observed association with PCBS, wymors of the pancreasn: V. L. W. Go, J. D. Gardner, F. P. Brooks, E.
differential mobilization would need to occur because PCBs Lebenthal, E. P. DiMagno, and G. A. Scheele (eds.), The Exocrine Pancreas:
were much more elevated than the other organochlorines Biology, Pathobiology, and Diseases, pp. 675-687. NY: Raven Press,
studied. A better understanding of the pharmacokinetics of 1986.

: . . f 19. Visser, M., Langlois, J., Guralnik, J., Cauley, J., Kronmal, R., Robbins, J.,
OrganOChlonnes dunng cachexia and prospectlve assess'Williamson, J., and Harris, T. High body fatness, but not low fat-free mass,

ment? with exposure ascertain_ed before development of pan-predicts disability in older men and women: the Cardiovascular Health Study.
creatic cancer will further elucidate the role of organochlo- Am. J. Clin. Nutr.,68: 584-590, 1998.

rine chemicals and pancreatic cancer. 20. Wigmore, S., Plester, C., Richardson, R., and Fearon, K. Changes in nutri-
tional status associated with unresectable pancreatic cancer. Br. J. CéBicer,
106-109, 1997.
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